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1 Introduction

When video content is transmitted over a network, the signal usually requires compression, due to the limited bandwidth of the physical channel. The recently approved H.264/AVC video coding standard [1] significantly improves the coding efficiency with respect to the previous standards. Moreover, it introduces an interface layer, called Network Abstraction Layer (NAL) [2], that allows to encapsulate video syntax elements in NAL units (NALUs). Each of these NALUs virtually correspond to a packet that can be independently transmitted over the network and decoded at the receiver side. When a packet is lost due to some transmission errors, some regions of the video cannot be correctly decoded and need to be somehow “concealed” by the decoder. Even if several sophisticated error concealment algorithms have been proposed in the literature [3], it is not always possible to preserve an acceptable quality when the transmission error rate increases. In such situations, it is necessary to introduce some kind of error resilience tools in the source encoder. One possibility is to perform Forward Error Correction (FEC), introducing a set of parity packets, for example by means of Reed-Solomon coding, that can be used to correct errors and recover the original signal up to a certain error rate. When the error percentage exceeds the correction capabilities of the code, losses cannot be recovered and error concealment takes place, possibly involving a significant degradation in the final video quality. One inherent problem of FEC is that it operates to recover the original signal itself, thus failing to provide the desired “graceful degradation” of video. Moreover, FEC introduces a delay necessary to buffer a certain amount of data. In this document, we propose an alternative tecnique that is supported by the H.264/AVC standard (baseline profile) that guarantees graceful degradation of the video signal without introducing an excessive overhead in terms of bandwidth and delay.
2 H.264/AVC conventional protection schemes
H.264/AVC was designed to support video transmission over lossy networks and thus introduces several interesting error resilience tools. In particular, Flexible Macroblock Ordering (FMO), Data partitioning and Redundant Slices may be used to improve the robustness of the video signal. In this document, we do not consider data partitioning, since it introduces a kind of “perceptual order” in the video syntax elements that requires an underlying prioritized network to efficiently work. We consider only schemes that increase the robustness independently from the particular channel.
In general,  large frames that exceed the MTU size of the underlying network need to be partitioned in several slices that are independently decodable. In video coding standards prior to H.264/AVC, a “slice” is usually intended to be a sequence of macroblocks, taken in raster scan order within a coded image. H.264/AVC introduces Flexible Macroblock Ordering (FMO), that allows to partition the macroblocks according to fully customizable patterns. In practice, every picture is first subdivided in some “Slice Groups”, defined by a MBtoSliceGroup function. Then, a slice is defined as a sequence of macroblocks taken in raster scan order within a slice group.  The standard provides six predefined patterns to arrange the most typical situations, and leaves the possibility to explicitly specify the whole function for full customization. Parameters that control FMO mapping functions are encoded into the Picture Parameter Sets (PPS), usually sent off-band by means of the SDP protocol [5]. In the literature,  FMO Type 1 (or “checkerboard–like” pattern) is often reported as a very simple error resilience tool, because it decreases the probability to lose large areas of the image. When the original signal is encoded using FMO Type 1 mapping, a simple temporal error concealment solution [8], such as the one embedded in the reference software of the H.264/AVC video codec [4]  can take advantage of the information available from neighboring MBs and guarantee an acceptable quality. On the other hand, the usage of FMO has some drawbacks:

· a certain loss in terms of coding efficiency has to be taken into account, since the spatial prediction, both for intra coded macroblocks and motion vectors, is inhibited. This loss is a function of the input signal and of the quantization parameter used in the encoder and cannot be easily predicted;

· the effectiveness of FMO is dependent from the particular error concealment adopted by the receiver. In fact, FMO Type 1 scatter the information available in case of losses but no gain can be observed if the decoder does not take advantage of this information.. For example, if the decoder implements the “Copy” error concealment that simply copies corrupted regions from the previous image, FMO usage does not give any advantage;

· FMO increases the complexity of the decoder since it requires and additional frame store and it precludes the parallel execution of the decoding and the loop-filtering processes.

3 Protection by means of Redundant Slices
Redundant slices allow to transmit certain portions of the video signal multiple times, thus implementing a very simple multiple description scheme. The original video is usually referred as “primary” bit-stream. When a portion of the primary video stream is lost due to a transmission error, a redundant slice may be parsed and the decoded signal can be used to substitute lost regions. In this way, it is possible to avoid error concealment and control the expected distortion at the encoder. The redundant description may be composed by a much coarser version of the original video, thus limiting the bandwidth overhead. It is important to notice that, since the redundant picture uses the full quality signal as a reference for temporal prediction, the visual quality obtained is much higher than the one achievable encoding the primary bit-stream at the same bit-rate. For example, if we suppose to have encoded the primary signal at 1Mbit/s and the redundant slices at 100Kbit/s, we are able to obtain a much better quality of redundant video than the one that could be obtained encoding the signal itself at 100Kbit/s. The improved temporal prediction scheme included in H264/AVC makes this effect even more evident than in previous compression standards. In the following, we briefly report the main advantages introduced by the usage of redundant slices.

· Graceful degradation. Upon errors, the original video signal can be replaced by a coarser version that increases the overal distorion by a known amount. When no errors occur the original signal is correctly reconstructed.
· Low delay. Redundant slices are decoded (only if necessary) immediatly after the corresponding primary coded picture. It is not necessary to buffer large amounts of data, such as FEC does.
· Reduced complexity. Redundant slices can be encoded in several different ways. For example, the encoder can perform twice the motion estimation process to obtain the optimally encoded redundant signal, or it can simply re-quantize the residual signal of the primary picture and perform entropy coding, thus reducing the complexity overhead. On the other hand, the decoder may simply discard redundant slices if no error occurs.

· Independency of the concealment. While FMO provides an improvement only if a smart error concealment solution is adopted at the receiver, redundant slices guarantee good performence independently of the decoder behaviour (however the decoder must be robust, in the sense that it detects losses without halting with an error).
· Flexibility. The coding modes, reference pictures, quantization parameters used to encode redundant slices can be arbitrary. Even the FMO mapping of the redundant picture could be different from the one used for the corresponding primary coded picture. This flexibility gives the possibility to implement quite sophisticated schemes (see [4], [7]) that allow to further improved the error resilience of the obtained bit-stream.
3.1 Standard support for redundant slices
H.264/AVC defines the description of an image composing a video sequence as a Primary Coded Picture (PCP). After each PCP, an encoder is allowed to insert one or more redundant representations of that particular image (or portions of it), by means of Redundant Slices. The standard specification poses only few constraints on the usage of redundant slices. For example, the results of the Picture Order Count decoding process must produce the same values of the ones obtained for the corresponding PCP. If the PCP is a top/bottom field, also the Redundant Picture has to be a top/bottom field. On the other hand, the shape of the redundant slices may be different from the one of the corresponding PCP’s ones. Redundant slices are allowed to activate a different picture parameter sets and then to exploit different FMO mappings. For example, a primary coded picture can be coded without FMO activated, while the corresponding redundant picture could exploit the checkerboard–like mapping to guarantee an higher degree of robustness. Furthermore, there are no constraint about the expected distortion observed decoding the PCP or the corresponding redundant picture, so it is possible to retransmit a much more coarsely quantized version of the signal to limit the overhead. Such as FMO, Redundant slices are supported in the baseline profile of H.264/AVC.
4 Simulation results
In this document, we report simulation results that compare performance of redundant slices with FMO and a very simple FEC scheme. We implemented the scheme in the H.264/AVC reference codec [3]. The bandwidth allocated for the redundant description is managed by an apposite rate-control module. Encoding parameters are reported in Table 1. We considered three well known Akiyo, Foreman and Table Tennis squences at QCIF resolution as examples of static, low and fast motion sequences respectively. The target bit-rates are 64, 128, 256 and 512 Kbit/s, controlled by means of the JVT rate control algorithm implemented in the reference software. Each graph reports results relative to the following four simulations:
· No protection. The signal is simply encoded with fixed bytes slicing.
· FMO. The original signal is encoded exploiting FMO Type 1 (checkerboard-like pattern).

· FEC. Parity can be added to allow the recovery of losses [9, 10, 11, 12]. Reed-Solomon coding [13, 14] is performed on slices of the primary bit-stream. K slices are put row-wise in a buffer matrix, Reed-Solomon coding is performed column-wise to add N-K parity rows, parity rows are then sent as parity packets that allow the recovery of up to N-K losses every N packets (K data packets + N-K parity packets). Since, the total bit-rate (primary + FEC rate) is kept constant for all the simulations, we decreased the target bit-rate of the source video encoder to meet the requirements. For example, when the total bit-rate is 128 Kbit/s and the FEC rate is 10% of the total, we set up the target video bitrate to be equal to 116Kbit/s.

· Redundant Slices. We added a redundant picture to every primary coded one. The original video is re-encoded with a coarser quantizer to meet the total target bit-rate.
Losses are simulated by randomly dropping some packets from the bit-stream. Each data point is obtained as the average of 30 independent traces. Residual errors are concealed using the error concealment solution provided by the JVT reference software [8]. In order to show the effective independency of redundant slices from the decoder behavior, we also report results obtained with the “Copy” error concealment.
	Encoding parameter
	Value

	Rate Control
	JVT

	Intra refresh policy
	Random intra macroblocks

	Constrained intra prediction
	Enabled

	RD optimization
	Disabled

	Slice size
	Maximum byt size set  to 500

	Motion estimation algorithm
	Full Search

	Search window
	32x32

	Number of reference frames
	1

	Frames per second
	15


Table 1.
Configuration parameters for the JVT encoder
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Figure 1.
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Figure 2.
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Figure 3.
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Figure 4.
[image: image5.emf]0 2 4 6 8 10 12 14 16 18 20

22

24

26

28

30

32

34

36

Packet Loss Rate [%]

Luma PSNR

Foreman 128Kbit/s - 10% Redundancy - JVT ERC

No protection

FMO

FEC

Redundant Slices


Figure 5.
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Figure 6.
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Figure 7.
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Figure 8.
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Figure 9.
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Figure 10.
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Figure 11.
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Figure 12.
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Figure 13.
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Figure 14.
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Figure 15.
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Figure 16.
[image: image17.emf]0 2 4 6 8 10 12 14 16 18 20

22

24

26

28

30

32

34

36

Packet Loss Rate [%]

Luma PSNR

Table 128Kbit/s - 10% Redundancy - JVT ERC

No protection

FMO

FEC

Redundant Slices


Figure 17.
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Figure 18.
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Figure 19.
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Figure 20.
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Figure 21.
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Figure 22.
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Figure 23.
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Figure 24.
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Figure 25.
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Figure 26.
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Figure 27.
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Figure 28.
5 Conclusion

FEC and FMO give no advantage with respect to no-protection when the error concealment provides good results, either because of complex and effective algorithms (e.g. JVT ERC) or because simple and predictable video sequences (e.g. Akiyo which is static). Of course, when there are no losses, there is no reason to give up coding ufficiency for error resiliency, hence no-protection should be selected. 

Protection schemes have different performances when the error concealment provides bad results, either because of simple and ineffective algorithms (as ‘Copy’ ERC) or because complex and unpredictable video sequences (e.g. Foreman).

FMO advantage is more noticeable when the slice covers a wider portion of the picture. This is particularly true at low bitrates. On the opposite, at high bitrate is hardly noticeable, where each slice contains a small portion of the picture.
FEC error resiliency has an all-or-nothing behaviour: when the correction capability is exceeded, received parity packets are not useful even if they are received; also, at low bitrates the added parity is used to protect more than one frame (the buffer matrix must have K rows filled before Reed-Solomon coding), hence the protection on a per-frame basis is lower.

It has been shown in this document that redundant slices can be used to significanlty improve the video quality observed by the final user. Redundant slices ensure a much more graceful degradation of the quality in comparison to other schemes such as FEC. They do not increase significantly the complexity of the decoder that can discard them if no errors occur.
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